[1] A study of polar cap/dayside convection response to substorm intervals using Canadian Advanced Digital Ionosondes (CADIs), situated well within the polar cap, and SuperDARN radars during steady and prolonged southward IMF Bz conditions showed three distinct features: (1) gradual prolonged decrease of dayside/polar cap convection speed until the substorm onset; (2) sudden decrease of convection following the onset of the substorm; and (3) increase of convection during the recovery phase of the substorm. We hypothesize that the observed features of the convection are due to the modulation of the Region 1 current system associated with the substorm. The ground magnetic response of magnetometers situated inside the polar cap is at least consistent with our postulate.
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Introduction
[2] The substorm cycle is comprised of a systematic and relatively slow evolution of the magnetospheric topology towards an unstable state, a consequent instability involving the rapid breakdown and diversion through the ionosphere of cross-tail current, and ultimately a return to a more relaxed state. The question of which instability corresponds to the onset is open, and resolving it is the organizing theme of much substorm research. One avenue of this research has been to carefully explore the growth phase, as clearly an understanding of the evolution leading to onset should provide important information about the nature of the onset mechanism. For example, magnetospheric convection is inherently tied to the transport of mass and magnetic flux within the magnetosphere, and also to changes in magnetospheric topology. It is well known that many substorm onsets occur in the minutes following a ''northward turning'' of the interplanetary magnetic field (IMF), and the NorthSouth component of the IMF is understood to be the primary controller of ionospheric convection [e.g. MacDougall and Jayachandran, 2001] .
[3] It is true that IMF changes leading up to many onsets can reasonably be expected to initiate changes in convection, and those changes can also reasonably be expected to initiate an unstable magnetospheric state. However it is also true that we can expect the substorm to affect convection. In order to fully understand the causal sequence leading up to onset, it is of fundamental importance to understand any changes in convection during the growth, onset, and recovery phases that might be responses to, rather than causes of, the substorm. In this paper, we identify seventeen substorms that occur under relatively steady solar wind and IMF conditions. These substorms are identified by optical onsets seen in Polar UltraViolet Imager (UVI) data, and all show dipolarizations and particle injections at geosynchronous orbit, as well as traditional ground magnetic substorm signatures.
Data and Observations
[4] The basic data of the convection is from the CADIs situated well within the polar cap at Eureka (CGM lat. 88.67°N, long. 326.55°E) and Resolute Bay (CGM Lat. 83.3°N, long. 319.14°E) and SuperDARN radars. CADIs measure the convection velocity every 30 seconds and the speed and azimuth shown in this paper are two-minute running averages. The SuperDARN convection data used in this study is a time series of averages (to avoid data gaps) over the region between magnetic latitudes of 68°and 72°, and magnetic local times (MLTs) between 11 and 12. SuperDARN convection speeds are derived from the lineof-sight Doppler velocities and therefore constitute the lower bound of convection speed magnitude. We have also used complementary observations from POLAR UVI, geosynchronous satellites (GOES 8 and 10), LANL particle measurements and ground-based magnetometers to determine the substorm onset and its subsequent evolution. We have selected substorm intervals falling within periods of relatively steady southward interplanetary magnetic field conditions. Two typical substorms from the total of 17 studied are discussed in detail below. . POLAR UVI detected a substorm onset at $0940 UT at $0100 MLT. The GOES 10 satellite situated near midnight detected a dipolarization signature at $0942 UT, and the LANL geo-synchronous satellites (1989 -046 and 1994-084) detected a particle injection at $0942 UT. The ground magnetometers detected the onset at $0942 UT. The solid and dashed arrows in the middle panel represent the onset times detected by POLAR and the dipolarization detected by GOES 10 respectively.
[6] The polar cap convection speed measured by CADIs as well as the dayside convection speed measured by the SuperDARN radar showed almost similar patterns of speed until $1000 UT (middle panel of the figure). There are some differences in speeds measured by CADIs and SuperDARN, as well as some propagating convection oscillations which we feel are not related to the substorm, and hence not of interest here. It is seen from the figure that the average convection speed showed a gradual decrease until $0942 UT (marked by the first vertical dashed line in the middle panel) and a further sudden decrease until $0952 UT (marked by the second vertical dashed line in the middle panel). These responses are clearly evident in the convection data of Eureka and Resolute Bay. During this period ($0942 -$0952 UT) the onset meridian magnetometer, Pinawa (61.15°mag. Lat, 328.42°m ag. Long.) (bottom panel) showed the expansion of the substorm (decrease in Bx). During the recovery phase (i.e., after the start of Bx recovery in the Pinawa data at $0952) of the substorm there was a simultaneous increase in both convection and Resolute Bay Bx.
Sub Storm at $ $ $ $0954 UT on 14 October 2000
[7] IMF and solar wind conditions measured by the ACE satellite for the period 00-12 UT of 14 October 2000 are shown in Figure 3 with the format as per Figure 1 . During this period the IMF Bz was negative and almost steady while By was slightly positive initially and slightly negative during the later part. There was some variation in the parameters with a sudden jump in the solar wind number density between 0900 and 0940 UT being most noticeable. Even though the convection speed measured by the SuperDARN radar is lower than that of the CADI, the pattern of variation is basically the same. POLAR UVI detected a substorm onset at $0954 UT at $2300 MLT sector. GOES 10 satellite situated near midnight detected a dipolarization signature at $0958 UT, LANL geo-synchronous satellites (1989 -046 and 1994 -084) detected a particle injection event at $0958 UT and the ground magnetometers detected the onset at $0958 UT. The solid and dashed vertical lines represent the onset times detected by POLAR and the dipolarization time at GOES 10, respectively.
[8] The convection speed measured at Resolute Bay and SuperDARN (middle panel) showed a gradual decrease until $0958 UT without any corresponding changes in IMF Bz. After the substorm onset at $0958 UT the convection decreased suddenly and remained at its lowest value until $1012 UT. During this time the onset meridian magnetometer (bottom panel) showed the expansion of the substorm (decrease in Bx). After the expansion phase of the substorm the polar cap and dayside convection speed showed an increase. The Resolute Bay magnetometer showed an increase of Bx during the increase in convection speed.
Overview of Observations
[9] All 17 substorm events studied in detail were identified by the Polar UVI data, and all showed both dipolarization and particle injection signatures at the geosynchronous observations. For each of the seventeen substorms, we identified the onset latitude (from Polar UVI) relative to the equatorward boundary of the ion auroral (ostensibly the b2i boundary) as inferred from SuperDARN E-region echoes (see Jayachandran et al. [2002a Jayachandran et al. [ , 2002b ). On average the onset was 2.85°poleward of the ion equatorward boundary, with a standard deviation in this latitude separation of 0.45°. In a relative sense (i.e., see Jayachandran et al. [2002c] ), these onsets occurred near the equatorward boundary of the ion auroral oval.
[10] We found qualitatively similar evolution of high latitude convection for each event, consisting of an initial, prolonged, slow decrease in convection speed, followed by a rapid decrease that begins at or immediately after the onset, and finally an increase during the recovery phase. Averaged over the seventeen events, the lengths of these intervals were 41 (±19), 10 (±3), and 13 (±3) minutes for the prolonged increase, rapid decrease, and increase intervals, respectively. Furthermore, the relative change in convection speed over these three intervals were À32 (±8), À40 (±7), and +67 (±3) percent, again for the prolonged decrease, rapid decrease, and increase intervals, respectively. The small standard deviation in the percentage increase in convection during the recovery phase implying that all the 17 events studied here shows the same 65 to 70% increase in convection. These average values were determined using the Resolute Bay CADI convection data.
Discussion
[11] Most of the previous studies of the ionospheric convection during substorm have only concentrated during the initial phase and observations during the substorm have identified change in convection prior to the onset. For example, Lyons et al. [2003] found a systematic reduction in the dayside convection in the minutes prior to the substorm onset using SuperDARN data. Most of their observation of reduction in convection and substorm onset occurred after the IMF has turned northward and it is ambiguous whether the reduction in convection is associated with the IMF change or a consequence of the substorm process. Their basic purpose was to show that the IMF transition triggers the substorms. IMF Bz has been shown to have a significant influence on the strength and character of the ionospheric convection at auroral and polar cap latitudes [e.g. MacDougall and Jayachandran, 2001] . It is reasonable to expect that in such cases (i.e., ''triggered substorms'') the change in IMF leads to a change in the global magnetospheric convection which is also seen in the ionosphere and possibly also precipitates the sequence of events leading up to the onset. This scenario was in fact suggested by Lyons et al. [2003] .
[12] We have approached this question in a fundamentally different way and provided observation of convection during different stages of substorms by selecting substorms that occurred during prolonged steady southward IMF conditions. The fact that the IMF Bz conditions are essentially constant implies that it is not unreasonable to argue that the repeated systematic changes like the one we have identified here, arise as a consequence of the substorm, rather than leading to onset.
[13] Since we have ruled out the possibility of the IMF and Solar wind factors that directly drives the high-latitude ionospheric convection as the explanation for our observed effects, the next step is to identify other possible sources of the observed changes. One possible source, which may change the entire high-latitude convection, is the Region 1 current system. Region 1 Birkeland currents are partially closed across the polar cap, and are understood to be the primary driver of the high latitude convection [e.g. Cowley, 2000] . We propose that substorm associated changes in the Region 1 currents are responsible for the systematic changes in convection that we have demonstrated in the seventeen events that comprise this study. Clues from the observations presented in this study, such as the similar response patterns of the dayside and polar cap convection and the absence of changes in the azimuth of the convection points, are consistent with the changes being due to changes in the Region 1 current system. The next question is how can changes in the region 1 current system be associated with substorms?
[14] We hypothesize that the linkage between the Region 1 current and the substorms is in the current balance at the flank of the magnetopause. On the dawn side of the magnetotail there are two input currents: the Chapman Ferraro solenoidal current flowing around the top and bottom of the tail, and current arriving from the magnetosheath. There are also two output currents: the cross tail current and the Region 1 current to the ionosphere [e.g. Siebert and Siscoe, 2002] . Obviously these four current components must balance. Since the intervals selected have relatively steady IMF southward and solar wind conditions, we assume that the sum of the input currents remains approximately constant and correspondingly the sum of the cross tail current and Region 1 currents also had to be approximately constant. We can only conclude that any increase in the cross tail current had to be accompanied by a decrease of Region 1 current and hence the ionospheric convection. During the growth phase of the substorm the cross tail current should be increasing due to the increasingly stretched geometry of the tail [Sergeev et al., 1990] , and thus the Region 1 current and hence the polar cap convection should be decreasing first as we observe.
[15] At, and just after substorm onset, McPherron et al. [1973] have suggested that the substorm current wedge bypasses a part of the cross tail current through the nightside ionosphere. Because of the high ionospheric conductivity in the nightside auroral oval (near and around the onset location) due to particle precipitation, more current can flow through the ionosphere. Thus the enhanced current wedge (owing to the highly conducting ionosphere) in lieu of the cross tail current further reduces the Region 1 current, which would appear as the observed convection dip during this interval of enhanced auroral ionospheric conductivity.
[16] In the next phase, substorm recovery, the ionospheric conductivity returned to normal, and the tail become more dipolar. This change in tail geometry substantially weakens the cross tail current and thereby triggers subsequent large increase in Region 1 currents, and the noticeably enhanced convection that we observe at this time. Thus the changes in the observed polar cap convection and the magnetometer signatures in the polar cap from the enhanced electrojet appear to be linked to changes in the Region 1 current associated with the substorm.
Conclusions
[17] This study shows three distinct features of substormrelated changes in the polar cap/dayside convection during relatively steady and prolonged southward IMF Bz conditions. They are: (1) a gradual decrease of dayside/polar cap convection speed until the substorm onset, (2) a sudden decrease of convection following the onset of the substorm, and (3) increase of convection during the recovery phase of the substorm. The observed features of the convection can be explained by the reduction and enhancement of the Region 1 current system associated with the substorm. This study also therefore implies that there can be substantial polar cap/dayside convection changes that are not associated with the changes in IMF and Solar wind conditions.
